The susceptibility of the heme biosynthetic pathway to lead, as reflected by increased free erythrocyte porphyrin (FEP) concentration, is in humans as well as in rats in the order of young ¢ female > male. The dhfference between adult male and female rats can be explained at least partially by the interaction of estradiol and progesterone with the FEP response to lead; the hormonal influence on FEP does not seem to be mediated through changes in plasma iron.
The susceptibility of the heme biosynthetic pathway to lead, as reflected by increased free erythrocyte porphyrin (FEP) concentration, is in humans as well as in rats in the order of young ¢ female > male. The dhfference between adult male and female rats can be explained at least partially by the interaction of estradiol and progesterone with the FEP response to lead; the hormonal influence on FEP does not seem to be mediated through changes in plasma iron.
The clasical "tubular type" proteinuria in workers chronically exposed to cadmium has two not necesarily concomitant components, namely, a tubular type and a glomerular type component characterized by increased excretion of low and high molecular weight proteins, respectively. No synergistic effect of cadmium and lead on the proteinuria of workers simultaneously exposed to both metals was observed.
Mercury (most likely methylmercury) is freely transferred from the mother to the fetus; there is only a slight placental barrier for lead and a rather strong one for cadmium. Compared to maternal blood, placenta does not accumulate lead or mercury but concentrates cadmium about 10-fold.
Influence of Age and Sex on Free Erythrocyte Porphyrin (FEP) Response in Humans and Rats Exposed to Lead
The interference of lead with the heme biosynthetic pathway has not yet been completely elucidated (1) (2) (3) (4) . It is known that lead impairs heme synthesis in the bone marrow and causes an increase of protoporphyrin-IX in erythrocytes (5) . Because of the role of lead as an environmental and occupational pollutant, much effort is being devoted to arriving at a better definition of its interactions with porphyrin metabolism.
A human volunteer study (3, 4) has suggested that the onset of the increase in erythrocyte protoporphyrin-IX may occur in adult women at a lower blood lead concentration (PbB) than in adult men. In our laboratory a comparison of the FEP response in 64 men and 49 women (6) and in 143 children (7) has been performed. These population groups were subjected to a slight to moderate chronic lead exposure (steady state PbB < 50 ,ug/l00 ml). In Figure 1 (9) . Figure 2 demonstrates that in rats for a PbB range between 5 and 150 ,g/100 ml of blood, FEP and PbB show the same pattern of relationships as that found in humans. For suckling rats (n = 200) the correlation coefficient r was 0.76, for adult female rats (n = 55) r = 0.93, and for adult male rats (n = 70) r = 0.61. The FEP response in female rats in this PbB range is 2.5 fold greater than that in male rats and an even greater difference (3.7 fold) is found between suckling rats and adult male rats.
Since the same pattern of FEP response as that found in man could be reproduced in rats, we went on to use animals to study the mechanism behind sex linked differences in response to lead. We have thus studied whether sex hormones could influence FEP response, 8-aminolevulinic acid synthetase (ALA-S) activity of the liver, hemoglobin concentration (Hb), and hematocrit (Hct) in rats exposed to lead. Three-week-old rats were either sham operated or castrated, and after a recovery period of 3 weeks the castrated rats were treated with sex hormones for 5 weeks. Estradiol benzoate, testosterone propionate, or progesterone were administered three times a week intraperitoneally in corn oil at a dose of 1 mg/kg body weight; sham operated animals received only corn oil. During the three last weeks of the hormone treatment lead was given at a dose of 3000 ppm in the drinking water. Animals were starved for 15 hr before sacrifice. After anesthesia by IP injection of 60 mg sodium pentobarbital/kg body weight, blood was quickly withdrawn from the heart and collected in heparin. The liver was homogenized in ice-cold Tris-HCl buffer, pH 7.4, 0.075M containing O.9%o NaCl, and a 15% homogenate was used for the assay of ALA-S activity according to Marver, Tschudy, and Perlroth (10 In summary, the interaction of sex hormones with the FEP response to lead can be found only in adult female rats and not in male rats. Furthermore, this effect is apparently not mediated through changes in plasma iron concentration and in ALA-S activity. The latter conclusion is only tentative, since ALA-S activity was measured only in liver. Workers with different degrees of exposure to lead (n = 19), cadmium (n = 42), mercury (n = 17), or lead + cadmium (n = 17) were examined as well as a control group of workers (n = 77) with a blood lead level below 35 ug/100 ml and a urinary cadmium and mercury concentration below 2 and 5 ,ug/g creatinine, respectively (Table 3 ). In order to obtain the renal clearances of f32-microglobulin and albumin (and also of other proteins like orosomucoid and transferrin) (11), the urine of each worker was collected in metal free polyethylene containers over a known period of time during the work shift (from about 7 to 12 a.m.). A blood sample was also taken within this time interval. Immediately after the end of the period of urine collection, the urinary volume was measured and 10 ml urine poured into a plastic tube containing 1 ml phosphate buffer pH 7.6, 0.4M supplemented with 1% sodium azide to keep the urine at about pH 7 to 7.2 for storage at -20°C and to preserve it until f82-microglobulin is measured. The concentration of f82-microglobulin, albumin, and creatinine in urine and plasma were measured as described previously (11) . The urinary protein excretion was calculated as the protein/creatinine clearance ratio (Cpr/Ccr), i.e., the relative protein clearance, according to the formula:
Upr (VIPpr) Upr/Ppr UCr (V/Pcr) Ucr/Pcr where Upr and Ppr denote the urinary and plasma concentration of the specific protein, Ucr and PCr the urinary and plasma concentration of creatinine, and V, the urine volume per unit of time. The proteinuria rate (mg/hour) is standardized for a creatinine clearance of 100 mlmin. This standardized proteinuria rate and the relative clearances, except that of /32-microglobulin, which is not correlated with age, were standardized for 40 years of age.
The specificity of increased urinary excretion of the various proteins has been compared for the different groups. For the range of exposure to metals sustained by the different groups of exposed workers, we can conclude that a significant increase in the urinary excretion of low and/or high molecular weight proteins was found only in'the groups exposed to cadmium or to lead + cadmium (see Fig. 3 for, 32-microglobulin and Fig. 4 for albumin).
Our observations suggest that the classical "tubular" type proteinuria induced by cadmium has two not necessarily concomitant components: a tubular type component with increased excretion of low molecular weight proteins and a glomerular type component with increased exc molecular weight proteins. Both ch appear independently and we cannot this cross-sectional study that one systematically before the other. T does not suggest a synergistic effe< and lead on the proteinuria of wort ously exposed to both metals. It sh nized that the degree of exposure t least on the basis of cadmium concen (Table 3) , appears to be somewhat lower in the group exposed to lead + cadmium than in the group exposed to cadmium only. Furthermore the intensity of exposure to lead was also rather moderate, PbB < 60,ug/100 ml.
Exposure to Lead, Mercury, Cadmium, and Carbon Monoxide during Pregnancy
In 1975 and 1976, we performed a survey on 500 pregnant women living in different areas of Belgium (12) (13) (14) in order to evaluate the extent of exposure to heavy metals (lead, mercury, cadmium) during 0.O0O mOOQo fetal life, their possible biological effects, and the factors which may influence the degree of exposure. Carboxyhemoglobin was also determined. Is of relative clearIn the mothers, the ranges of the heavy metal kers with different concentrations and carboxyhemoglobin (HbCO) in c cadmium: control blood were as follows: 3.1-31.0 ,ug/100 ml for lead (PbB), 0.01-4.70 ,ug/100 ml for mercury (HgB), 0.01-1.01 ,g/100 ml for cadmium (CdB), and 0.12-4.84% for HbCO. The corresponding values found in newborns were 2.7-27.3 ,ug/100 ml for PbB, ,> > 0.01-7.05 ,tg/100 ml for HgB, 0.01-1.03 ,mg/100 ml for CdB, and 0.06-8.30%o for HbCO. The three heavy metals are thus transferred from the mother .............. -to the fetus, but the barrier role of the placenta is different for each of them. There is no barrier for the transfer of mercury (most likely methylmercury), a slight one for lead, and a rather strong one for cadmium. In comparison with maternal blood, the placenta does not concentrate lead or mercury but concentrates cadmium about 10-fold. This explains why the correlation found between the cadmium concentration in maternal and fetal blood is 10 much lower (although statistically significant: r = + 0.38) than that found for lead and mercury (r > 0.6). For log-normally distributed values (i.e., cadmium ns of standardized in blood, and lead, mercury, and cadmium concenf workers with dif-trations in placenta) the coefficients of correlation ary, and cadmium:
were calculated after logarithmic transformation of Cd + Pb (n = 17), the corresponding values.
In the mothers, HbCO is slightly correlated with CdB (r = +0.29) which suggests that both pollutants :retion of high come at least partly from a similar source (smokanges seem to ing). Because of the different barrier capacity of the conclude from placenta toward CO and cadmium, no significant change occurs correlation between both parameters is found in 'his study (11) The median and range values of the heavy metal concentrations in placental tissue (in ug/100 g wet weight) are for lead 7.5 (1.1-39.5), for mercury 1.06 (0.11-10.31), and for cadmium 1.08 (0.25-7.89). A statistically significant correlation was found between cadmium concentration in maternal blood and in placenta (r = +0.38). In contrast to the highly significant correlation between HgB-mother and HgB-newborn (r = +0.62), the mercury concentrations in placenta are not related to the corresponding levels in maternal and cord blood. This is in agreement with the great permeability of this tissue to methylmercury, the main mercurial derivative to which the general population is exposed. Although the level of lead in the placenta is significantly related to that found in the maternal (r = +0.22) and newborn blood (r = +0.28), maternal and cord blood lead levels are much better related (r = +0.81).
Among the various factors investigated (smoking habit, residence, age, occupation, drinking habits, duration of pregnancy, number of previous pregnancies) only smoking and residence were found to influence at least one of the parameters measured. Smoking has a statistically significant influence on carboxyhemoglobin level in mothers and newborns and on cadmium concentration in maternal blood and in placenta. A slight but statistically significant effect of environmental pollution by lead (urban and industrial > semirural > rural area) on lead uptake by the pregnant mothers and lead transfer to the fetus was demonstrated.
